###### Strengths and limitations of this study

-   The nationwide cohort study with virtually complete coverage and data at individual, household and building levels allows investigating time trends in the association of assisted dying with detailed socioeconomic characteristics in Switzerland, one of the few countries with long-term experience in assisted dying.

-   In Switzerland, there is no obligation to report assisted suicides to a central registry, so the case records may not be complete. However, the Federal Statistical Office makes a great effort to identify assisted suicides, in cooperation with right-to-die organisations, institutes of forensic medicine and physicians.

-   Most socioeconomic variables come from census 2000 and may not be completely up to date in 2014 for all individuals. However, particularly in the older age group characteristics such as education, religion and language region are quite stable.

-   For information on the underlying disease, the study relies on the diagnoses given on the death certificate. Besides the issue of the reliability of these diagnoses, no information is available on the disease stage or severity.

Introduction {#s1}
============

Switzerland is one of few countries worldwide that allows assisted suicide.[@R1] According to article 115 of the Swiss Penal Code, assistance with suicide is only considered a crime and open to prosecution if selfish interests are involved.[@R4] Though lawmakers did not have a medical perspective when article 115 was created in 1918, judgements of the Tribunal Federal supported the activities of right-to-die organisations[@R5] which, in general, are involved in the process of assisted suicide in Switzerland.[@R6] These organisations assist their members in dying after a physician has confirmed both a person's ability to make decisions and that the person requesting assistance suffers from a terminal illness, an unendurable incapacitating disability or unbearable and uncontrollable pain.[@R3] While the role of the physician in physician-assisted suicides is limited to prescribing a lethal drug, in euthanasia the physician injects the lethal drug when requested by the patient. Euthanasia is prohibited in Switzerland.

In an earlier study of the period 2003--2008, we reported higher rates of assisted suicide in Switzerland among women, persons who live alone or are divorced, and persons with higher education and higher socioeconomic status.[@R7] Cancer was the most frequently diagnosed disease in assisted suicide, while the proportion of assisted deaths among patients with diseases of the nervous system was much higher. In the last 15 years, the numbers of assisted suicides reported by right-to-die organisations increased substantially in Switzerland.[@R8] While the three main right-to-die organisations reported fewer than 200 assisted suicides of Swiss residents per year at the beginning of the century, in 2014 the number exceeded 760 (online [supplementary table 1](#SP1){ref-type="supplementary-material"}).[@R10] Similar increases have been observed in other European countries and USA states that allow assisted suicide or euthanasia.[@R13] This has intensified the debate about the ethics and prohibition or control of assisted death both in Europe and worldwide. One main concern about assisted dying is the so-called slippery slope, a shift from exceptional to routine practice that puts pressure on patients who are chronically ill and socioeconomically vulnerable.[@R2]
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This study examined whether the increase in assisted suicides since 2008 is linked to a shift in the socioeconomic factors associated with assisted suicide. We wanted to identify groups with a disproportional increase in the rate of assisted dying and investigate possible shifts in diagnoses. Thus, we wanted to test the slippery slope hypothesis that there is an intensified trend towards dying with assistance among patients who are more vulnerable: those with less education, who live in lower socioeconomic status neighbourhoods, and also among persons who live alone and have no children.

Methods {#s2}
=======

The Swiss National Cohort {#s2a}
-------------------------

The Swiss National Cohort (SNC) is a longitudinal study of the Swiss population described in detail elsewhere.[@R24] The current version of the SNC is based on census data from 1990 to 2000 that were linked to mortality and emigration records until 2014, and to the newly introduced Registry-Based Census (RBC) 2011 using deterministic and probabilistic linkage procedures. Participation in the Swiss census is mandatory, resulting in a coverage of 99% in the census 2000.[@R26] This analysis is based on the census 2000 and we included people who were between 25 and 95 years old during the study period 2003--2014. For exposing variables (education, religion, etc) information from the census 2000 was used because the RBC does not contain the same, detailed information. An exception is marital status, for which we had information on the last change in status before RBC 2011, respectively, before death, and used the relevant information. All individuals were followed from 1 January 2003 until death, emigration or the end of the study period on 31 December 2014.

Patient and public involvement {#s2b}
------------------------------

Neither patients nor public were involved in the development of the research question, in the analysis and in drawing conclusions from the results.

Identification of assisted suicides {#s2c}
-----------------------------------

During the study period, it was mainly three right-to-die associations that were active in assisting Swiss residents in dying: Exit in the German-speaking part, Exit in the French-speaking part of Switzerland and Dignitas. The organisations have been described in detail elsewhere.[@R1] The Federal Statistical Office (FSO) identifies assisted deaths based on information given by the physician or the Institute of Forensic Medicine on the death certificate, assigning code X61.8 for assisted deaths since the International Classification of Diseases (ICD) has no code for assisted death.[@R9] For the years 2003--2012, the right-to-die associations additionally provided anonymous data to the FSO on all deaths of Swiss residents they assisted.

Determination of underlying diseases {#s2d}
------------------------------------

We used the ICD-10 codes on death certificates to determine the diseases underlying assisted suicides. Because until 2008, suicide by poisoning was indicated as primary cause of death for assisted suicides in the Swiss mortality statistics, we used the first, concomitant disease as the underlying cause for assisted suicides from 2003 to 2008. In 2009, the FSO changed the practice of coding according to the ICD definition of the primary cause of death as 'the disease or injury which initiated the train of morbid events leading directly to death'[@R9]: the underlying disease is labelled as primary cause and assisted suicide as a concomitant circumstance. For 2009--2014, we thus used a death certificate's primary cause of death to determine the disease underlying assisted suicides. For all other deaths the primary cause of death was used throughout the study period.

We created broad categories of all cancers, mental and behavioural disorders, diseases of the nervous system, diseases of the circulatory system, diseases of the respiratory system, diseases of the musculoskeletal system, and other disease*s,* and more detailed categories for the most common diagnoses (online [supplementary table 2](#SP1){ref-type="supplementary-material"}). We excluded all deaths with external causes such as accidents, unassisted suicide and assault (V, W, X and Y, except X61.8).

Statistical analysis {#s2e}
--------------------

Within the SNC, we performed a survival analysis with age as time scale, and observation interval starting at 1 January 2003 and ending on the earliest of the date of death or emigration, or 31 December 2014. We calculated crude rates of assisted suicide and estimated HRs using Cox proportional hazard regression. The multivariable model included gender, religion (Protestant, Catholic, no affiliation, other/unknown), education (compulsory, secondary, tertiary), marital status (single, married, widowed, divorced), type of household (single person, two or more persons, institution) having children, urbanicity (urban, periurban, rural), the Swiss neighbourhood index of socioeconomic position (in quintiles),[@R29] language region (German, French, Italian) and nationality (Swiss, foreign). The result of Cox proportional hazard regression might identify risk factors for assisted suicide and for being terminally ill or being in chronic and uncontrollable pain and suffering. Therefore, we also performed a logistic regression to identify determinants of assisted suicide among all deaths. We included the same variables and characteristics as in the Cox analysis, and also age at death (in 10-year bands) and underlying diagnosis (according to broad categories, see above). Earlier studies showed interactions between age group and other variables.[@R7] The multivariable analyses were therefore stratified by interval (2003--2008 and 2009--2014), and by age group (25--64 and 65--94). The cut-off at 65 years reflects retirement age for men in Switzerland. In multivariable analyses, we tested for interaction between variables and period by including appropriately constructed interaction terms and performing likelihood ratio tests. For potentially fatal diseases, we also calculated the percentage of assisted deaths with a certain underlying cause among all deaths with the same condition.

Statistical analyses were done with Stata V.14 (StataCorp, College Station, TX, USA). Results are given as rates per 100 000 person-years, HRs, ORs, and χ^2^ and p values from Wald tests for overall model significance. Percentages of assisted suicides among all deaths across underlying causes are reported with 95% CIs.

Results {#s3}
=======

Study population {#s3a}
----------------

We included 6 237 997 persons who participated in the 2000 census and were between 25 and 95 years old in the study period 2003--2014. Among this population, 5 102 268 were in the cohort 25--64 years, 2 139 152 were in the cohort 65--94 years and 1 003 423 were represented in both during the study period ([table 1A,B](#T1){ref-type="table"}).

###### 

Characteristics, number and crude rates of assisted suicides

  Characteristics                           Study population\*   Assisted suicides   Crude rate (per 100 000 person-years)                   
  ----------------------------------------- -------------------- ------------------- --------------------------------------- ------- ------- ----------------
  *(A) Study population 25--64 years old*                                                                                                    
  All                                       5 102 268            100                 771                                     100     1.58    1.47 to 1.70
  Gender                                                                                                                                     
   Male                                     2 568 557            50.3                343                                     44.5    1.40    1.26 to 1.56
   Female                                   2 533 711            49.7                428                                     55.5    1.76    1.60 to 1.94
  Calendar years                                                                                                                             
   2003/2004                                4 045 063            79.3                96                                      12.4    1.17    0.96 to 1.43
   2005/2006                                242 768†             4.8                 101                                     13.1    1.23    1.01 to 1.50
   2007/2008                                246 252†             4.8                 113                                     14.7    1.38    1.15 to 1.66
   2009/2010                                206 220†             4.0                 134                                     17.4    1.65    1.39 to 1.95
   2011/2012                                188 818†             3.7                 140                                     18.2    1.73    1.47 to 2.05
   2013/2014                                173 147†             3.4                 187                                     24.2    2.34    2.03 to 2.70
  Religious affiliation                                                                                                                      
   Protestant                               1 702 781            33.4                275                                     35.7    1.74    1.54 to 1.96
   Catholic                                 2 158 382            42.3                205                                     26.6    0.99    0.87 to 1.14
   No affiliation                           628 032              12.3                245                                     31.8    3.91    3.45 to 4.23
   Other/unknown                            613 073              12.0                46                                      6.0     0.76    0.57 to 1.02
  Education                                                                                                                                  
   Compulsory                               1 137 885            22.3                88                                      11.4    0.87    0.71 to 1.07
   Secondary                                2 420 063            47.4                449                                     58.2    1.77    1.62 to 1.95
   Tertiary                                 977 528              19.2                221                                     28.7    2.13    1.87 to 2.43
   Unknown                                  566 792              11.1                13                                      1.7     0.43    0.25 to 0.75
  Marital status                                                                                                                             
   Single                                   1 715 805            33.6                176                                     22.8    1.25    1.08 to 1.45
   Married                                  2 831 208            55.5                383                                     49.7    1.31    1.19 to 1.45
   Widowed                                  99 092               1.9                 29                                      3.76    3.83    2.66 to 5.51
   Divorced                                 456 163              9.0                 183                                     23.74   3.85    3.33 to 4.45
  Type of household                                                                                                                          
   1 person                                 772 331              15.1                255                                     33.1    3.20    2.83 to 3.62
   ≥2 persons                               4 183 879            82.0                498                                     64.6    1.26    1.16 to 1.38
   Institutions                             146 058              2.9                 18                                      2.3     1.25    0.79 to 1.99
  Children                                                                                                                                   
   No                                       2 226 028            43.6                318                                     41.2    1.57    1.41 to 1.75
   Yes                                      2 566 001            50.3                414                                     53.7    1.61    1.46 to 1.77
   Unknown                                  310 239              6.1                 39                                      5.1     1.42    1.03 to 1.94
  Urbanicity                                                                                                                                 
   Urban                                    1 445 955            28.3                265                                     34.4    1.88    1.66 to 2.12
   Periurban                                2 321 284            45.5                370                                     48.0    1.68    1.51 to 1.86
   Rural                                    1 335 029            26.2                136                                     17.6    1.08    0.91 to 1.28
  Neighbourhood index of SEP                                                                                                                 
   Lowest quartile                          1 242 745            24.4                111                                     14.4    0.94    0.78 to 1.13
   Second quartile                          1 220 105            23.9                156                                     20.2    1.34    1.14 to 1.56
   Third quartile                           1 225 580            24.0                196                                     25.4    1.67    1.45 to 1.92
   Fourth quartile                          1 222 208            23.9                284                                     36.8    2.45    2.18 to 2.75
   Unknown                                  191 630              3.8                 24                                      3.1     1.27    0.85 to 1.89
  Language region                                                                                                                            
   German                                   3 666 753            71.87               548                                     71.1    1.56    1.44 to 1.70
   French                                   1 199 458            23.51               209                                     27.1    1.82    1.59 to 2.08
   Italian                                  219 002              4.29                14                                      1.8     0.67    0.40 to 1.13
   Rhaeto-Roman                             17 055               0.33                --                                                      
  Nationality                                                                                                                                
   Swiss                                    3 928 264            77.0                699                                     90.7    1.89    1.75 to 2.03
   Foreigner                                1 174 004            23.0                72                                      9.3     0.61    0.49 to 0.77
  *(B) Study population 65--94 years old*                                                                                                    
  All                                       2 139 152            100                 3170                                    100     20.40   19.70 to 21.12
  Gender                                                                                                                                     
   Male                                     959 044              44.8                1336                                    42.2    19.97   18.93 to 21.07
   Female                                   1 180 108            55.2                1834                                    57.9    20.72   19.79 to 21.69
  Calendar years                                                                                                                             
   2003/2004                                1 227 529            57.4                282                                     8.9     12.24   10.89 to 13.76
   2005/2006                                161 701†             7.6                 326                                     10.3    13.67   12.2 to 15.24
   2007/2008                                184 728†             8.6                 357                                     11.3    14.30   12.89 to 15.86
   2009/2010                                187 522†             8.8                 474                                     15.0    18.00   16.45 to 19.70
   2011/2012                                191 358†             8.9                 692                                     21.8    24.85   23.06 to 26.77
   2013/2014                                186 314†             8.7                 1039                                    32.8    35.35   33.27 to 37.57
  Religious affiliation                                                                                                                      
   Protestant                               908 928              42.5                1521                                    48.0    22.83   21.71 to 24.00
   Catholic                                 897 292              41.9                609                                     19.2    9.18    8.48 to 9.94
   No affiliation                           191 779              9.0                 844                                     26.6    64.78   60.55 to 69.30
   Other/unknown                            141 153              6.6                 196                                     6.2     20.82   18.11 to 23.95
  Education                                                                                                                                  
   Compulsory                               689 219              32.2                600                                     18.9    11.61   10.72 to 12.58
   Secondary                                1 043 833            48.8                1688                                    53.3    22.41   21.36 to 23.50
   Tertiary                                 377 305              17.6                850                                     26.8    32.15   30.06 to 34.38
   Unknown                                  28 795               1.4                 32                                      1.0     16.24   11.49 to 22.97
  Marital status                                                                                                                             
   Single                                   171 876              8.0                 259                                     8.2     22.03   19.50 to 24.88
   Married                                  1 274 969            59.6                1301                                    41.0    14.20   13.45 to 14.99
   Widowed                                  480 234              22.5                1105                                    34.9    28.98   27.32 to 30.74
   Divorced                                 212 073              9.9                 505                                     15.9    36.26   33.24 to 39.57
  Type of household                                                                                                                          
   1 person                                 518 958              24.3                1211                                    38.2    31.29   29.58 to 33.11
   ≥2 persons                               1 546 029            72.3                1878                                    59.2    16.62   15.88 to 17.39
   Institutions                             74 165               3.4                 81                                      2.6     21.86   17.58 to 27.17
  Children                                                                                                                                   
   No                                       339 093              15.9                713                                     22.5    30.75   28.57 to 33.09
   Yes                                      1 698 737            79.4                2316                                    73.1    18.49   17.75 to 19.26
   Unknown                                  101 322              4.7                 141                                     4.4     20.16   17.10 to 23.78
  Urbanicity                                                                                                                                 
   Urban                                    640 844              29.9                1306                                    41.2    27.79   26.33 to 29.34
   Periurban                                955 312              44.7                1472                                    46.4    21.25   20.20 to 22.37
   Rural                                    542 996              25.4                392                                     12.4    10.00   9.06 to 11.05
  Neighbourhood index of SEP                                                                                                                 
   Lowest quartile                          475 150              22.2                383                                     12.1    11.11   10.05 to 12.28
   Second quartile                          509 464              23.8                537                                     16.9    14.42   13.25 to 15.69
   Third quartile                           517 807              24.2                778                                     24.5    20.54   19.15 to 22.04
   Fourth quartile                          557 424              26.1                1384                                    43.7    33.74   32.01 to 35.57
   Unknown                                  79 307               3.7                 88                                      2.8     18.23   14.80 to 22.47
  Language region                                                                                                                            
   German                                   1 524 965            71.3                2288                                    72.2    20.68   19.85 to 21.54
   French                                   497 621              23.3                814                                     25.7    22.57   21.07 to 24.17
   Italian                                  108 006              5.0                 64                                      2.0     7.92    6.20 to 10.12
   Rhaeto-Roman                             8560                 0.4                 4                                       0.1     6.37    2.39 to 16.96
  Nationality                                                                                                                                
   Swiss                                    1 881 034            87.9                2961                                    93.4    21.57   20.80 to 22.36
   Foreigner                                258 118              12.1                209                                     6.6     11.53   10.07 to 13.21

\*At entry in study.

†People who entered the study at their 25th birthday.

SEP, socioeconomic position.

We counted a total of 3941 assisted suicides between 2003 and 2014. This corresponds to 95.2% of the number of assisted suicides of Swiss residents officially reported by the three main right-to-die organisations in their annual reports (online [supplementary table 1](#SP1){ref-type="supplementary-material"}). The number of assisted suicides increased from 180 in 2003 (0.32% of all deaths) to 688 in 2014 (1.30% of all deaths). While one-quarter of assisted suicides occurred in persons younger than 65 during the years 2003 and 2004, the proportion decreased to 15% during 2013 and 2014. Crude rates more than tripled from 3.60 per 100 000 person-years during the 2-year period 2003--2004 to 11.21 during 2013--2014. The rates increased in both age groups, but it was more pronounced in the age group 65--94 years, in which it rose from 12.23 to 35.35, than among those 25 to 64 years old, for whom it rose from 1.17 to 2.34 ([table 1A,B](#T1){ref-type="table"}, [figure 1](#F1){ref-type="fig"}). Rates increased exponentially with age from 0.14 (95% CI 0.063 to 0.314) per 100 000 person-years at age 25 to 56.25 (95% CI 49.76 to 63.58) per 1 00 000 at age 90. Overall, crude rates were higher in women (6.81, 95% CI 6.54 to 7.10) than in men (5.37, 95% CI 5.12 to 5.63), but stratified by age women have a higher rate until the age of 69, while from the age of 70 on men had a higher rate ([figure 1](#F1){ref-type="fig"}).

![Crude rate of assisted suicide by age and time period (2003--2008 and 2009--2014) for men and women.](bmjopen-2017-020992f01){#F1}

Diagnoses {#s3b}
---------

In the younger age group, more than half of the 771 who died with assistance had a cancer diagnosis and every fifth person was diagnosed with a disease of the nervous system, mainly multiple sclerosis (MS) or a motor neuron disease such as ALS (amyotrophic lateral sclerosis)(online [supplementary table 3](#SP1){ref-type="supplementary-material"}). Mental and behavioural disorders accounted for 45 assisted suicides (5.8%), more than half of which were mood disorders. The percentage of assisted deaths among all deaths with the same potentially fatal underlying cause varied from 0.073% for diseases of the circulatory system to 5.25% for diseases of the nervous system ([table 2](#T2){ref-type="table"}). Looking at the diagnoses in more detail, the percentage of assisted deaths was highest among patients with MS (11.1%) and Huntington's disease (9.90%).

###### 

Percentage of assisted suicides among all deaths with the same, potentially fatal, underlying disease, by age group and period for broad (bold) and detailed categories of diagnoses

                           25--64 years              65--94 years                                        
  ------------------------ ------------------------- ------------------------- ------------------------- -------------------------
  **Cancer**               **0.66 (0.56 to 0.77)**   **1.14 (1.00 to 1.29)**   **0.56 (0.51 to 0.62)**   **1.19 (1.11 to 1.27)**
   Digestive               0.69 (0.50 to 0.92)       1.20 (0.94 to 1.50)       0.52 (0.42 to 0.63)       1.08 (0.95 to 1.22)
   Respiratory             0.46 (0.31 to 0.67)       0.75 (0.54 to 1.02)       0.35 (0.25 to 0.47)       1.00 (0.84 to 1.18)
   Breast                  0.75 (0.46 to 1.14)       1.37 (0.94 to 1.92)       0.90 (0.66 to 1.20)       1.64 (1.32 to 2.00)
   Male genital            1.14 (0.42 to 2.47)       1.68 (0.73 to 3.28)       0.78 (0.60 to 1.02)       1.40 (1.14 to 1.69)
   Other                   0.71 (0.54 to 0.91)       1.27 (1.02 to 1.56)       0.57 (0.47 to 0.67)       1.23 (1.09 to 1.37)
  **Nervous system**       **3.80 (2.92 to 4.84)**   **6.68 (5.52 to 8.00)**   **0.73 (0.60 to 0.89)**   **1.66 (1.47 to 1.87)**
   Motor neuron disease    5.82 (3.43 to 9.16)       7.26 (4.36 to 11.23)      4.01 (2.66 to 5.78)       6.87 (5.09 to 9.03)
   Parkinson's             2.38 (0.06 to 12.57)      6.67 (1.40 to 18.27)      0.97 (0.66 to 1.36)       1.96 (1.54 to 2.45)
   MS                      8.63 (5.86 to 12.16)      13.69 (10.09 to 18.00)    3.20 (1.72 to 5.41)       4.82 (3.05 to 7.21)
   Huntington's            2.04 (0.05 to 10.85)      17.3 (8.23 to 30.32)      --                        5.88 (1.23 to 1.62)
   Paralytic syndromes     2.80 (0.58 to 7.98)       7.69 (3.75 to 13.69)      2.56 (1.11 to 4.97)       3.67 (1.91 to 6.32)
   Alzheimer's             --                        2.88 (0.60 to 8.20)       0.07 (0.02 to 0.16)       0.25 (0.15 to 0.39)
   Other                   1.54 (0.77 to 2.73)       3.19 (20.5 to 4.71)       0.90 (0.55 to 1.39)       3.13 (2.53 to 3.84)
  **Circulatory system**   **0.02 (0.00 to 0.07)**   **1.37 (0.07 to 0.24)**   **0.10 (0.08 to 1.18)**   **0.26 (0.23 to 0.29)**
   Cerebrovascular         0.14 (0.02 to 0.49)       0.59 (0.24 to 1.21)       0.50 (0.41 to 0.60)       0.53 (0.43 to 0.64)
   Other                   --                        0.07 (0.02 to 0.15)       --                        0.20 (0.17 to 0.23)
  **Respiratory system**   **0.60 (0.29 to 1.09)**   **1.04 (0.60 to 1.68)**   **0.16 (0.11 to 0.22)**   **0.61 (0.50 to 072)**
   COPD                    1.08 (0.49 to 2.03)       1.25 (0.60 to 2.29)       0.32 (0.21 to 0.46)       0.93 (0.75 to 1.15)
   Other                   0.12 (0.00 to 0.66)       0.81 (0.30 to 1.76)       0.04 (0.01 to 0.09)       0.31 (0.21 to 0.43)
  **All deaths\***         **0.63 (0.56 to 0.71)**   **1.08 (0.99 to 1.18)**   **0.35 (0.33 to 0.38)**   **0.79 (0.76 to 0.83)**

MS, multiple sclerosis. COPD, chronic obstructive pulmonary disease

\* from potentially fatal diseases

In the 65--94 age group, the percentage of assisted suicides with cancer was lower (39.3%) (online [supplementary table 3](#SP1){ref-type="supplementary-material"}). Diseases of the nervous (11.8%) and the circulatory system (12.0%) each accounted for about one-eighth of assisted deaths. Among the 373 assisted deaths with diseases of the nervous system, patients with Parkinson's disease (106) and motor neuron diseases such as ALS (74) contributed most. Patients with musculoskeletal diseases comprised 10.0% of all assisted suicides, mainly arthropathies and dorsopathies, while 4.7% had diseases of the respiratory system. Mental and behavioural disorders accounted for 4.2% of all assisted suicides, the largest number of which were mood disorders, 2.9% followed by dementia at 0.8%. The percentage of assisted deaths among all deaths ([table 2](#T2){ref-type="table"}) with the same underlying disease was highest for diseases of the nervous system (1.2%).

Multivariable Cox regression analysis {#s3c}
-------------------------------------

The associations observed in the multivariable proportional hazard Cox models were very similar in the two time periods ([figure 2](#F2){ref-type="fig"} and online [supplementary table 4](#SP1){ref-type="supplementary-material"}), though some differed by age group. Men in the younger age group had a lower assisted suicide rate than women in both periods (HR of 0.78 in earlier and 0.77 in later period), but men in the older age group did not (respectively, HR 1.12 and 1.01). Having no religious affiliation and being Protestant were associated with higher rates of assisted suicide than being Catholic; the effect was stronger in the older age group. The association between a higher level of education and assisted suicide was stronger in the older age group, while in the younger age group persons with compulsory education had a 32% lower rate than those with secondary education in only the second period. Regarding marital status, the rate in the younger age group of those who were divorced was 70% higher in the second period compared with married people. In the older age group, widowed persons had a 33%--40% higher assisted suicide rate, and the rate among the divorced was around two times as high as that of those who were married. Living in a neighbourhood with a higher socioeconomic index was associated with a higher hazard of assisted suicide. People living in the French-speaking region had a higher rate than people living in the German-speaking region, although the effect was not statistically significant in younger people in the first period. In the second, younger (HR 0.35) and older people (HR 0.48) living in the Italian-speaking region had a lower rate than people living in the German-speaking region. Compared with Swiss citizens, foreigners living in Switzerland were less likely to die with a right-to-die organisation.

![Results of multivariable Cox regression, by age group and time period (2003--2008 and 2009--2014).](bmjopen-2017-020992f02){#F2}

Multivariable logistic regression analysis {#s3d}
------------------------------------------

We further analysed the odds of assisted suicides among all deaths with a multivariable logistic regression model (online [supplementary table 5](#SP1){ref-type="supplementary-material"}). The associations were mostly the same as in the Cox proportional hazard model, with one main exception: in the logistic regression models, men had lower odds than women in the younger group (OR 0.52 in the earlier and 0.54 in the later period), and in the older age group (respectively, OR 0.64 and 0.65). To analyse differences between age groups 25--64 and 65--94 years over time, we fitted multivariable logistic regression models in the entire data set with interaction terms. The model showed a significant interaction between age group and period (χ^2^=10.4, df=1, p=0.0013) with a larger increase in the older group than the younger group over time (OR of 2.25 compared with 1.72).

Compared with patients who died with cancer during study period, decedents with a disease of the nervous system on the death certificate were more likely to have died with assistance (respectively, OR of 6.91 and 6.76 in the younger age group, 1.53 and 1.47 in the older age group). In the older age group, the odds for diseases of the circulatory system, diseases of the respiratory system and other diseases were substantially lower. As diseases of the musculoskeletal system are in themselves rarely fatal, the odds for assisted dying were high in all analyses. The associations between diagnoses and time periods were statistically significant in the likelihood ratio test for interactions (p=0.0018 in the younger age group and p\<0.001 in the older age group) (online [supplementary table 6](#SP1){ref-type="supplementary-material"}). In both age groups, the odds of having no diagnoses on death certificates clearly decreased from the first to the second period (online [supplementary table 7](#SP1){ref-type="supplementary-material"}). In the older age group, the odds of dying with diseases of the respiratory or the musculoskeletal system increased (online [supplementary table 7](#SP1){ref-type="supplementary-material"}).

Discussion {#s4}
==========

Crude rates of assisted suicide in Switzerland more than tripled from 2003 to 2014, and assisted suicides accounted for 1.3% of all deaths in 2014. The increase was greater in the 65--94 age group than in those younger than 65 but is independent of socioeconomic factors such as gender, and characteristics of the individual and the household. Factors associated with assisted suicide from 2003 to 2008 were the same as those associated with assisted suicide from 2009 to 2014: female gender, higher education, having no religious affiliation, no children and a Swiss passport, living in a neighbourhood with a higher area-based socioeconomic index, and in the French-speaking part of Switzerland were associated with a higher rate of assisted suicides. In the younger age group, people living alone were more likely to die with assistance, as were in the older age group the widowed and the divorced. Cancer, diseases of the nervous system and---in the older age group---of the circulatory and the respiratory system were the most common diagnoses on death certificates of people who died with assistance. Diagnoses shifted between time periods; with less death certificates with no first underlying diseases in the second period, and in the older age group, diseases of the respiratory and the musculoskeletal system increased. Percentages of assisted suicides among all deaths were highest in diseases of the nervous system.

The strong increase in incidence of assisted suicide in Switzerland is based on a broad acceptance in the Swiss population that has been confirmed by referenda and surveys.[@R30] The increase is also in line with the development in other European countries with long-term experience in assisted dying.[@R13] In Belgium, the number of reported cases increased more than sevenfold since 2003. In 2013, more than 1800 people died by euthanasia, corresponding to 1.7% of all deaths.[@R14] As in our study, the increase occurred in both sexes and all age groups, and the proportion grew among older patients. In the Netherlands, the number of reported assisted deaths, largely euthanasia, reached 5500 in 2015,[@R15] three times higher than in 2003, which corresponds to almost 4% of all deaths. In US states with long-term experience with assisted dying, the number of assisted suicides also increased,[@R16] but with roughly 130 in Oregon (2016) and 200 in Washington[@R17] the numbers are significantly lower than in Europe.

The stability of socioeconomic factors associated with assisted suicide over the study period does not support the slippery slope hypothesis: assisted suicides did not increase disproportionally among less educated people and people living in neighbourhoods with lower socioeconomic status. Other factors persistently associated with assisted suicide---female gender, having no children and living alone, being widowed or divorced---may reflect a degree of social vulnerability. Of note, persons who were single and had no children were less likely to get their request for euthanasia granted in a Dutch end-of-life clinic.[@R33]

Strengths and limitations {#s4a}
-------------------------

This is the first study we know of that looked at trends in the association of assisted dying with detailed socioeconomic characteristics over a period greater than 10 years. It is based on individual, household and building-level data from the census 2000 with virtually complete coverage, and selection or response biases are therefore unlikely. However, census 2000 information is not completely up to date in 2014 for all persons. Type of household, in particular, may have changed over the 14 years of follow-up, and also urbanicity, the socioeconomic neighbourhood index, language region, the existence of children, and self-declared religion and nationality; changes over time are more likely in the younger than in the older age group. We were able to account for the fact that marital status might change, and more accurately analyse the association of widowhood or divorce with assisted suicide. We did not have any direct, individual data for economic well-being. However, education is an important dimension of socioeconomic status itself, and it precedes and influences other personal attributes such as occupation and personal income.[@R34] Added to that information, we also had socioeconomic status at the neighbourhood level for each person.[@R29]

An increasing number of countries and states in the USA[@R2] have legalised assisted suicide in recent years or are in the process of doing so. Switzerland is one of the few countries with long-term experience that allows studying time trends and the possible change of predictors. The FSO makes a great effort to identify assisted suicides in the mortality statistics in cooperation with right-to-die organisations, cantonal institutes of forensic medicine and physicians. In suspected cases, the FSO consults the responsible physician. The risk of classifying deaths wrongly as assisted is therefore small. However, because there is no obligation to report assisted suicides to a central registry, identification of assisted deaths is likely not complete. Suicides assisted without the involvement of one of the three main organisations may in particular be missed. In recent years, smaller right-to-die organisations have become active: LifeCircle in the region of Basel and LLExit in the Italian-speaking part of Switzerland. It is possible that differences in process and reporting may increase the proportion of assisted suicides that are not identified by the FSO, and therefore at least partly explain the lower increase of assisted suicides in the Italian-speaking region of Switzerland. A Belgian study showed that differences in end-of-life practices found between the language regions of Flanders and Wallonia were caused by differences in acceptance, and by differences in the process and reporting compliance.[@R35] It is also possible that physicians not associated with right-to-die organisations do assist in suicides and do not report these cases appropriately. Even though this is considered a marginal problem compared with the numbers of suicides assisted by right-to-die organisations in Switzerland, there are no numbers because of the lack of an obligatory register. In a survey in 2006, 103 out of 1650 doctors had assisted a suicide without involvement of a right-to-die association.[@R36]

Another limitation of our study is the fact that death certificates were the only source for information about the underlying disease. They did not provide nor did we have other sources of information on stage of disease, treatments and their alternatives, and when patients decided to die with assistance. The comparability of the figures for assisted deaths among all deaths for different diseases is also limited. For assisted deaths involving non-fatal or rarely fatal mental disorders or diseases of the musculoskeletal system, the denominator does not fully reflect the number of persons, thus, afflicted and percentages of these assisted deaths are therefore not comparable to those involving fatal diseases. Finally, we have the matter of the reliability of death certificates. While their reliability for major disease groups such as cancer and well-defined rare conditions such as ALS is high,[@R37] reliability is low for chronic conditions such as diabetes and renal insufficiency.[@R37] In Switzerland, assisted suicides are treated as unnatural deaths and are investigated by a forensic team, which relies on documents of the right-to-die organisations.[@R39] This might lead to a more accurate diagnoses on death certificates of persons dying with assistance compared with those who have natural deaths.

The shift in diagnoses observed in our study may be at least partially explained by the change in the coding system of the FSO. The fact that assisted suicide was not a primary cause of death from 2009 onwards may have increased the coding of the underlying diseases. However, further studies are needed to monitor the development of diagnoses associated with assisted suicide. These studies ideally should be based on death certificates and recover information on severity and stage of patients' diseases and the treatments they underwent.

In summary, our study results show that the increase in assisted suicides in Switzerland was more pronounced in the older of the two age groups, but not associated with changing association with socioeconomic and other factors. However, in a context of assisted suicide, vulnerability may not be limited to factors such as socioeconomic status, living alone, being widowed or divorced. Serious illness, possibly accompanied by heavy pain with no prospect of improvement, and also mere old age may make any person more vulnerable. Register based, sensitive monitoring of the characteristics of assisted deaths and their underlying diagnoses should be implemented to identify trends and possible omissions in the health management of specific groups.
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